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Method and apparatus for purging the back side of a substrate 


(57) An apparatus for purging the backside of a sub- 
strate (106) in a process chamber (100) includes a 
purge gas injector (248). The injector (248) includes a 
substantially annular-shaped opening providing a slit 
that is structured and arranged to direct a flow of purge 
gas about radially outward therefrom in a direction ap- 


proximately parallel to a plane defined by the substrate, 
wherein the substrate is supported in the process cham- 
ber above the purge gas injector. When the substrate is 
rotated at a sufficient speed, the purge gas flowing from 
the injector is impelled to flow spirally outward along the 
backside of the substrate. 
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Description 


The invention relates generally to chemical vapor 
deposition systems, and more particularly to rapid ther- 
mal processing (RTF) systems. 

Chemical vapor processes for thin film labrication 
pass a vapor over a substrate to either grow a film on 
the substrate, etch the substrate, or otherwise react with 
a material on the substrate to change the character of 
the substrate surface. The types of substrates referred 
to here include wafers for ultra-large scale integrated 
(ULSI) circuits. The substrate is sometimes subjected 
to RTF to facilitate or speed vapor processing while min- 
imizing handling RTP refers to several different proc- 
esses, including rapid thermal annealing (RTA), rapid 
thermal cleaning (RTC), rapid thermal chemical vapor 
deposition (RTCVD), rapid thermal oxidation (RTO), 
and rapid thermal nitridation (RTN). 

In one RTP process, wafers are loaded into a 
processing chamber at room temperature to several 
hundred degrees Celsius in a nitrogen (Ng) gas ambient 
atmosphere. The temperature of the wafer is ramped to 
a process temperature, usually in the range of about 
600*C to 12O0'*C. The temperature is raised using a 
targe number of halogen lamps which radiatively heat 
the wafer. The temperatu re stabilizes over a pre-set time 
period, and reactive gases are introduced The gas may 
be introduced while ramping the temperature. For ex- 
ample, oxygen may be introduced for growing a layer of 

silicon dioxide (Si02). 

The wafer is sometimes supported around the pe- 
riphery of its bottom side on an annular-shaped ledge 
of a supporting edge ring. The wafer's peripheral edge 
is left exposed. Gaseous products of the chemical reac- 
tions on the wafer are expected to be exhausted via a 
pumping system. In such a system, the reactive gases 
can spill over the edge of the wafer and edge ring, or 
may leak to the region below the wafer due to imperfec- 
tions in the edge ring supporting the wafer or due to in- 
complete coverage of the edge ring by the wafer. The 
spilled-over process gasses can deposit a non-uniform 
film on the peripheral edge of the wafer, on its backside, 
or on components located below the wafer. The pres- 
ence of hot gases in these regions can also cause dam- 
age and corrosion. Accumulated deposits may also 
flake off, contaminating the process chamber with par- 
ticles. Also, non-uniform depositions around the edge of 
the wafer are undesirable for subsequent wafer 
processing. 

One approach to inhibit the process gases from de- 
positing on the edge or backside is to use an edge nng 
that covers a portion of the upper surface of the wafer. 
Another approach is to coat the entire backside of the 
wafer uniformly to produce a more stable film less likely 
to flake. To this end, the wafer is supported on pins so 
that the process gases can easify deposit on the back- 
side 

In those cases where depositing on the backside is 


undesirable, one or another of a variety of edge-specific 
purges with inert gases are used to prevent reactive 
gases from reaching the edge and backskje areas. One 
type of such a system uses a susceptor with built-in 
5 channels for directing purge gas flows to the edge of the 
wafer. 

Current schemes for provkiing effective edge purg- 
ing may incompletely isolate the backside from reactive 
gases if the flow of purge gas is too weak. If the purge 
10 gas is flowed more strongly, it can spill over the front 
side of the wafer and mix with the process gas at the 
periphery of the wafer by diffusion or by convection. The 
resulting dilution of reactive gases over the front sde of 
the wafer leads to incomplete film deposition near the 
IS periphery of the front side, thereby reducing the usable 
area having a uniform film on the wafer. 

The uniformity of the process over the surface of 
the substrate during thermal processing is also critical 
to producing uniform devices. For example, in the par- 
20 ticular application of complementary metal-oxide-semi- 
conductor (CMOS) gate dielectric formation by RTO or 
RTN. thickness, growth temperature, and uniformity of 
the gate dielectrics are critical parameters that influence 
the overall devrce performance and fabricatbn yield. 
25 Currently, CMOS devices are being made with dielectric 
layers that are only 60-80 Angstroms (1 0'"" ^m) th ick and 
for which thickness uniformity must be heW within ±2 A 
This level of uniformity requires that temperature varia- 
tions across the substrate during high temperature 
30 processing cannot exceed a few degrees Celsius. Tem- 
perature unifomnity provides uniform process variables 
on the substrate (e.g., layer thickness, resistivity, etch 
depth) for process steps including film deposition, oxide 
growth and etching. In addition, temperature uniformity 
36 across the substrate is necessary to prevent thermal 
stress-induced wafer damage such as warpage, defect 
generation and slip. This type of themnal stress is 
caused by thernnal gradients which are minimized by 
temperature uniformity, The wafer often cannot tolerate 
40 even small temperature differentials during high temper- 
ature processing. Therefore, any viable purge scheme 
should not adversely affect temperature uniformity dur- 
ing processing. 

The invention provides a system for purging the 
45 backside of the wafer, including an improved purge gas 
injector. A processing system according to the invention 
includes a process chamber and a support assembly 
within the process chamber being structured and ar- 
ranged to support a substrate. The processing system 
60 may further include a heat source positioned above the 
substrate for thermal processing the substrate. A purge 
gas injector is positioned below a backside of the sub- 
strate when the substrate is supported from the support 
assembly The purge gas injector includes a substan- 
ss tially annular-shaped opening providing a slit. The slit is 
structured and arranged to direct a ffow of purge gas 
about radially outward therefrom in a direction approxi- 
mately parallel to a plane defined by the substrate 
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The injector can include a body having an upward 
extending channel, a top plate, and support structure 
positioning the top plate above the body, wherein the slit 
is provided between the body and the top plate with the 
channel opening to the slit. The body and top plate can 
be fabricated of transparent quartz. The body may fur- 
ther include an upper part, which includes the slit and 
the top plate, being of a first diameter, and a lower part 
being of a second diameter that is smaller than the first 
diameter. The channel may include an upper channel 
portion within the upper part of the body, and a lower 
channel portion connecting between the upper channel 
portion and an opening at a bottom end of the channel 
that couples to a source of purge gas. 

The support assembly can include a quartz cylinder 
and an edge ring for supporting the substrate, wherein 
the cylinder supports the edge ring. The process cham- 
ber can include a reflector plate positioned below the 
substrate, wherein a thermal cavity is provided by the 
reflector plate, the quartz cylinder, the edge ring and the 
substrate. The reflector plate includes an opening 
through which the purge gas injector protrudes into the 
thermal cavity The quartz cylinder and the reflector 
plate can provide a gap therebetween for the purge gas 
to flow out from the thermal cavity. 

The injector's annular-shaped opening can be po- 
sitioned off of a central axis of the substrate, for exam- 
ple, closer to the central axis than to a peripheral edge 
of the substrate. 

The chamber may include a rotation mechanism to 
rotate the support assembly and the substrate about a 
central axis of the substrate while the purge gas is flow- 
ing from the purge gas injector The rotation mechanism 
can be adapted to rotate the support assembly at a rate 
sufficient to impel the flow of purge gas to flow spirally 
outward along the backside of said substrate, for exam- 
ple, at a rate of at least about 30 RPM. 

The invention also provides a method for process- 
ing a substrate , including supporting the substrate within 
a process chamber such that a baci^side of the substrate 
is substantially exposed, and flowing a purge gas in a 
substantially outwardly radial direction from a substan- 
tially annular-shaped slit of an injector positioned below 
the backside of the substrate. The method may further 
include rotating the substrate at a rotation speed suffi- 
cient to cause the flowing purge gas to be impelled by 
the substrate backside in an outward spiralling direction 
along the backside. The method may also include heat- 
ing the substrate, and flowing a process gas on a front 
side of the substrate 

The method can additionally include positioning the 
stit of the injector within a thermal cavity between a re- 
flector plate and the substrate, and laterally off of a cen- 
tral axis of the substrate. A support cylinder can provide 
a side wall of the thermal cavity. With this arrangement, 
the method can further include causing the purge gas 
to flow downward along the side wall when the spirally 
flowing purge gas reaches a periphery of the substrate. 


and then to flow out of the thermal cavity through a gap 
provided between the cylinder and the reflector. 

According to yet another aspect of the invention, a 
method of processing a disk-shaped substrate in a proc- 
5 ess chamber, includes supporting the substrate from a 
peripheral edge on a rotation assembly, flowing a purge 
gas approximately radially outward from an injector po- 
sitbned bebw the substrate, the purge gas flowing from 
the injector flowing approximately parallel to the sub- 
to strate, and rotating the substrate with the rotation as- 
sembly at a speed sufficient to cause the purge gas to 
spiral outward along a backside of the substrate towards 

the peripheral edge 

The invention further provides an apparatus in a va- 
ts por processing system which includes a process cham- 
ber The apparatus includes a rotatable support assem- 
bly structured and arranged to support a substrate within 
the process chamber The support assembly is capable 
of rotating the substrate about a central axis at a rota- 
te ttonal speed of at least approximately 90 RPM when 
coupled to an actuator. A conduit is structured and ar- 
ranged to direct a flow of purge gas over a backside of 
the substrate while the substrate is rotating such that 
the rotating substrate causes the purge gas to fk:>w ra- 
26 dially outward relative to the substrate. 

The apparatus may further include a process gas 
conduit structured and arranged to direct a flow of proc- 
ess gas over a front side of the substrate while the sub- 
strate is rotated such that the rotating substrate causes 
30 the process gas to flow radially outward relative to the 
substrate. The support assembly may include an edge 
ring supporting the substrate. Confronting surfaces of 
the edge ring and the substrate can be structured and 
arranged to channel the radially flowing purge gas 
35 around a peripheral edge of the substrate. 

According to another aspect of the invention, a sys- 
tem to process a substrate includes a process chamber, 
an edge ring to support the substrate within the process 
chamber, and a rotation assembly structured and ar- 
40 ranged to rotatably couple the edge ring to an actuator 
kx;ated outside the process chamber. The process 
chamber includes a process gas conduit structured and 
arranged to flow a process gas over a front side of the 
substrate, and a purge gas conduit structured and ar- 
45 ranged to flow a purge gas over a backside of the sub- 
strate while the substrate is rotated. The process cham- 
ber can include a heat source positbned above the sub- 
strate for thermal processing the substrate. The bottom 
of the process chamber, the rotation assembly the edge 
50 nng and the substrate can cooperatively form a themnal 
cavity. 

The rotation assembly can include a cylinder sup- 
porting the edge ring. The cylinder is supported by an 
upper bearing race which is rotatably coupled to a sta- 
55 tionary lower bearing race by bearings therebetween. 
The upper bearing race is stnjctured and arranged to 
be magnetically coupled to the actuator for rotating the 
upper bearing race and the cylinder The rotation as- 
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sembty can be structured and arranged to rotate the 
substrate about a central axis at a rotational speed of at 
least approximately 90 RPM. 

•Rig edge ring may include an annular ledge having 
an upper surface to support the backside of the sub- 
strate near a peripheral edge of the substrate. The ledge 
is structured and arranged to allow passage of outward- 
ly flowing purge gas past the peripheral edge. 

The purge gas conduit may include an injector 
which includes a slit through which the purge gas flows. 
The slit is disposed parallel to a plane defined by the 
substrate when the substrate is supported by the edge 

ring. 

The invention also provides a method of purging a 
backside of a substrate with a purge gas, such as. for 
example, an inert gas. The method includes the steps 
of rotating the substrate about a central axis, for exam- 
ple, at a rotational speed of at least approximately 90 
RPM, and flowing the purge gas over the backside of 
the rotating substrate. The rotating substrate urges the 
purge gas to flow in an outward radial direction relative 
to the rotating substrate. The purge gas can be flowed 
through an aperture in a plate spaced from the backside 

of the substrate. 

The method may also include the step of flowing a 
process gas over a front side of the rotating substrate, 
wherein the rotating substrate urges the process gas to 
flow in the outward radial direction. The substrate may 
be heated while flowing the process gas. 

The method can further include channelling the ra- 
dially flowing purge gas past a peripheral edge of the 
rotating substrate. The channelling may include chan- 
nelling the radially flowing purge gas through a plurality 
of flow paths that are provided by confronting surfaces 
of the substrate and an edge ring supporting the sub- 
strate. The channelling can also include directing the ra- 
dially flowing purge gas in a generally axial direction 
near a peripheral edge of the substrate. Rotating the 
substrate can include rotating the substrate on a rotating 
edge ring, an outer annular surface of the edge ring fur- 
ther urging the channeled purge gas and the outwardly 
flowing process gas to flow radially outward therefrom. 

The invention also provides a method of vapor 
processing a disk-shaped substrate in a process cham- 
ber, including the steps of supporting the substrate on 
a rotation assembly, the rotation assembly including an 
edge ring having an inner annular ledge supporting the 
substrate near the substrate's peripheral edge; flowing 
a purge gas over a backside of the substrate; flowing a 
process gas over a front side of the substrate; and ro- 
tating the substrate with the rotation assembly to urge 
the purge gas and the process gas radially outward to- 
ward the substrate's penpheral edge. The substrate can 
be heated while rotating the substrate. The substrate 
can be rotated at a rotational speed of at least approxi- 
mately 90 rpm. 

The present invention provides an apparatus and 
method for flowing a purge gas across the backside of 


a wafer in an RTP chamber that inhibits the formation 
of unwanted deposits The apparatus and method inject 
the purge gas in a pattern that minimally affects the tem- 
perature of the wafer. The apparatus and method also 
5 cause minimal interference with a pyrometric tempera- 
ture measurement of the backskie of the wafer. The ap- 
paratus and method further inhibit the inflow of reactant 
gases onto sensitive components of the process cham- 
ber outside of a processing region. 
10 Other advantages and features of the present in- 
vention will become apparent from the following descrip- 
tion with reference to the accompanying drawings in 
which:- 
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20 


25 


30 


35 


40 


45 


60 


FIG. 1 is a diagrammatic cross-sectional side view 
of a vapor processing system that uses rotational 
backside purging. 

FIGS 2(a) and (b) are partial diagrammatic cross- 
sectional side views of a substrate and support 
structure showing gas flow patterns (a) when there 
is no reaction gas flow and the substrate is not ro- 
tated, and (b) when a reaction gas is directed to- 
wards the front side of the substrate and the sub- 
strate is rotated. 

FIGS, 3 (a) - (c) schematically illustrate deposition 
profiles near the peripheral edge of a wafer under 
different conditions; 

FIG 4 is a cross-sectional side view of an RTP sys- 
tem embodying the invention; 
FIG. 5 is a plan view of an edge ring; 
FIG. 6 is a sectional view abng lines 6-6 of Fig. 5. 
with a substrate shown in shadow; 
FIG. 7 is a plan view of another embodiment of an 
edge ring; 

FIG. B is a sectional view along lines 8-8 of Fig. 7, 

with a substrate shown in shadow; 

FIG. 9 is a cross-secttonal side view of a portion of 

another embodiment of an RTP system with a purge 

gas injector according to the invention; 

FIG, 10 is a cross-sectional view along line 10-10 

of the purge gas injector illustrated in FIG. 9; 

FIG 11 is a cross-sectional view through line 11-11 

of FIG 10; 

FIG. 12 is a bottom plan view of a stand-off that is 
adapted to allow purge gas to pass through the 
purge gas injector illustrated in FIGS. 9-11 ; 
FIG. 13 is a cross-sectional view along line 13-13 
of FIG. 12; and 

FIG. 14 is a cross-sectional view along line 14-14 
of FIG 12. 


The same structures illustrated in different figures 
are referred to with the same reference numerals. 
The present invention relates to a purge gas injector 
55 for use in thermochemk:al processing chambers and 
methods for purging the backside of a substrate during 
a thermochemical process One type of RTP apparatus 
is disclosed in U S. Patent Applcatbn Serial No. 
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08/359,302, filed December 19. 1994, entitled 'A Meth- 
od And Apparatus For Measuring Substrate Tempera- 
tures,' assigned to the assignee of the present inven- 
tion, and hereby incorporated by reference. The purge 
gas injector is positioned within a cylindrically-shaped 
thermal cavity located below the backside of a wafer. A 
rotating support for the wafer spins the wafer to draw 
the purge gas up to the backside of the water in an ex- 
panding spiral-shaped flow. In one of the embodiments 
described below, the injector flows purge gas approxi- 
mately radially outward in a direction about parallel to 
the plane of the wafer between the wafer and a reflector 
at the bottom of the cavity. Also described betow is an 
embodiment wherein the purge gas flows out of the ther- 
mal cavity through a narrow annular-shaped gap locat- 
ed between the cylindrk;al wall of the rotating support 
and the rim of the reflector. 

Referring to FIG. 1 , a vapor processing system that 
purges a backside of a substrate 10 includes a rotatable 
support structure 12 mounted in a process chamber 14. 
A reaction gas supply 16 provides a regulated flow of a 
reaction gas 18 that is directed through apertures 
formed in a shower-head type nozzle 20 to a front sur- 
face 22 of substrate 10. Gases are removed through ex- 
haust 24. The bottom 28 of chamber 14, the support 
structure 1 2, and the backskJe 26 of substrate 1 0 togeth- 
er define a cavity. A purge gas supply 30 provides a reg- 
ulated flow of non-reactive purge gas 32 that is directed 
through an injector 34 in the bottom 28 ot chamber 14. 

When the front and back surfaces 22, 26 rotate, 
they impart an outward radial momentum to the reaction 
gas 1 8 and the purge gas 32, respectively. At sufficiently 
high rotational speeds, the interaction of the substrate 
surfaces 22. 26 with the gases 18, 32 causes the gases 
to flow in an outwardly radial directbn toward the pe- 
ripheral edge 36 of substrate 10. 

Referring now also to Figs. 2(a) and (b), the sub- 
strate 1 0 rests on an inner annular ledge 38 of an edge 
ring 40. In this embodiment, ledge 38 is flat so that when 
the substrate 10 is resting on it, the ftow of purge gas in 
a gap 41 that may be kxated between the backside of 
the substrate and the annular ledge 38 is significantly 
restncted. This produces a higher vekxity ot any purge 
gas which does manage to flow through region 41. 
thereby also producing a more effective barrier to proc- 
ess gas flowing back through region 41 into the region 

behind the wafer. 

An upper surface 42 of an outer annular portion 44 
of the edge ring 40 is approximately level with the upper 
surface 22 of the substrate 10 Under some circum- 
stances, it may be undesirable to have an upward step 
or a downward step that could disturb the smooth out- 
ward flow of process and purge gases. Also a downward 
step could allow process gases to interact nnore easily 
with the peripheral edge of the substrate. The interaction 
of the gases 1 8 and 32 with the rotating substrate upper 
surface 22 and outer annular portion upper surface 42 
transfers additional outward radial momentum to the 


gases. Both gases 18 and 32 move radially outward and 
away from the upper surface 22 of the substrate 10 

The outward radial flow inhibits significant mixing of 
the purge gas 32 with the reaction gas 18 over the sub- 
5 strate upper surface 22. This helps to achieve a more 
uniform process profile out to the periphery of the upper 
surface 22 of the substrate 10. The flowing purge gas 
32 prevents the reaction gas 1 8 from migrating over the 
peripheral edge 36 of the substrate, and thereby he\ps 
10 to prevent the reaction gas 18 from depositing an un- 
wanted film on the edge 36 or the back surface 26 of the 
substrate 10 

A film 46a produced on a wafer substrate 1 0 without 
a flow of a purge gas andb'or without rotating the wafer 
T5 10 is schematically illustrated in FIG. 3(a). The film 46a 
extends onto the peripheral edge 36 of the wafer 10 and 
around onto the backside 26. These areas of the film 
are typcally thinner than the film produced on the upper 
surface 22 of the wafer 10. The film 46a can easily flake 
20 off from these regions, thereby contaminating the 
processing system. 

FIG. 3(b) shows a second film 46b produced by 
flowing purge gas 32 during the deposition process, but 
without rotating the wafer 10 at speeds sufficient to 
25 cause an outward radial flow of the purge gas 32 or proc- 
ess gas 1 8. In this case, the film 46b has a reduced pro- 
file, or thickness, near the edge 36of the wafer 10, there- 
by reducing the usable area of the upper surface of the 
wafer. 

30 FIG. 3(c) schematically illustrates a third Aim 46c 
produced by flowing purge gas 32 during the deposition 
process and by rotating the wafer 1 0 at speeds sufficient 
to cause an outward radial flow of the purge gas 32 and 
process gas 18. Film 46c has a more uniform profile 
35 near the edge 36 of the water 10. and does not extend 
around the edge 36. 

A system that has been modified in accordance with 
the invention is shown in FIG. 4. In particular. FIG. 4 
shows a processing chamber 1 00 for processing a disk- 
40 shaped, twelve-inch (300 millimeter (mm)) diameter sil- 
k;on (Si) substrate 106. The substrate 106 is mounted 
inside chamber 100 on a substrate support structure 
108 and is heated by a heating element 110 located di- 
rectly above substrate 106 Heating element 110 gen- 
45 erates radiation 112 which enters processing chamber 
100 through a water-cooled quartz window assembly 
1 1 4 whk;h may be approximately 25 mm above the sub- 
strate. Beneath substrate 106 is a reflector 102 which is 
mounted on a central assembly 116 having a generally 
50 cylindrical base. Reflector 102 nr^y be made of alumi- 
num and may have a highly reflective surface coating 
1 20. An underside or backside 1 07 of substrate 106 and 
the top of reflector 102 form a reflecting cavity 118 for 
enhancing the effective emissivity of substrate 106. 
55 The separation between substrate 1 06 and reflector 
102 can be varied. In processing systenDs that are de- 
signed for twelve-inch silicon wafers, the distance be- 
tween substrate 106 and reflector 102 may typically be 
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between about 3 mm and 20 mm. 

The temperatures at localized regions 106' of sub- 
strate 106 are measured by a plurality of temperature 
probes The described embodiment actually uses eight 
measurement probes radially distributed over the reflec- 
tor 102 so as to measure the temperature at different 
radii of the substrate 106; however, only two probes are 
shown in FIG. 4. The temperature probes include sap- 
phire light pipes 126, which may be inserted into con- 
duits 1 24 that pass from the backside of central assem- 
bly 116 through the top of reflector 102 Sapphire light 
pipes 1 26 are about 0.080 inch in diameter and conduits 
1 24 are slightly larger to enable the light pipes to be eas- 
ily inserted into the conduits. Light pipes 126 are con- 
nected to pyrometers 128 via fiber optics 125. Pyrome- 
ters 128 produce signals indicative of the measured 
temperature in a known manner. 

A processing region 1 30 is located generally above 
substrate 106. In processing region 130, and to a certain 
extent in other areas of the chamber, process gases are 
used in conjunction with the temperature control of sub- 
strate 106 via lamps 110 to conduct chemical reactions 
on substrate 106, These reactions include, but are not 
limited to. oxidation, nitridation, film growth, etc. The 
process gases 129 typically emerge into processing re- 
gion 1 30 through a gas plenum or showerhead (see, al- 
so FIG. 1) located above or to the side of processing 
region 130 In the embodiment shown in FIG. 4, these 
gases enter from a side gas inlet 132. Certain details of 
such processes and devices causing the same are de- 
scribed in U S, Patent No. 5.155,336, filed October 24, 
1991, owned by the assignee of the present invention, 
and hereby incorporated by reference, and in the afore- 
mentioned co-owned patent applk;atk5n entitled "Novel 
Way of Introducing Gas into an RTP Chamber". If nec- 
essary, process gases may be pumped out of the cham- 
ber or exhausted by a pumping system 133 of known 
design through an exhaust port 131 

Substrate 106 is generally a large diameter silicon 
wafer Wafers of other materials may also be used. The 
diameter of substrate 106 is often at least 200 mm. but 
substrates of any size may be accommodated by the 

present invention. 

A suitable heating element 1 1 0 is disclosed in above 
mentioned U S. Patent No. 5,155.336. This heating el- 
ement uses a number of light pipes to deliver highly col- 
limated radiation from tungsten-halogen lamps to 
processing chamber 1 00. The lamps may be divided in- 
to twenty-four zones which are k^cated in a radially sym- 
metrical manner The zones can be individually adjusted 
by a controller 111 having a feedback system, based on 
the signals received from pyrometers 128, to atbw the 
radiative heating of deferent areas of substrate 106 to 

be controlled. 

Central assembly 116 includes a circulation circuit 
including chambers 146 through which coolant such as 
a cooled gas or liquid circulates, thereby cooling reflec- 
tor 102 Water which is typically at about 23**C may be 


circulated through central assembly 116 to keep the 
temperature of reflector 102 well below that of heated 
substrate 106 {e g . ISO-^C or less). 

During thermal processing, support structure 108 
5 can be rotated at speeds of at least about 90 RPM Thus, 
each probe actually samples the temperature profile of 
a corresponding annular ring area on the substrate. As 
shown in FIG. 4, the support structure which rotates the 
substrate includes an edge ring 1 34 which contacts sub- 
10 strate 1 06 around the substrate's outer perimeter, there- 
by leaving alt of backside 1 07 of substrate 1 06 exposed 
except for a small annular region about the outer perim- 
eter Edge ring 1 34 n^y have a radial width of approxi- 
mately 0.75 inch (18 mm) to approximately 1 .0 inch (2.5 
IS mm) Tominimizethethermai discontinuities that will oc- 
cur at the edge of substrate 1 06 during processing, edge 
nng 1 34 is made of the same, or simitar, material as sub- 
strate 106. e.g. silicon or silicon carbide. 

Edge ring 134 rests on a rotatable tubular quarU 
20 cylinder 136 that is coated with silkion to render it 
opaque in the frequency range of the pyrometers 128. 
The silcon coating on quartz cylinder 1 36 acts as a baf- 
fle to block out radiation from external sources that might 
contaminate the intensity measurements. The bottom of 
25 quartz cylinder 1 36 is hekJ by an annular upper bearing 
race 142 which rests on a plurality of ball bearings 138 
that are, in turn, held within an stationary, annular, lower 
bearing race 1 40. Ball bearings 1 38 can be made of sil- 
icon nitride to reduce particulate formation during oper- 
30 ation Upper bearing race 142 is nnagnetically-coupled 
to an actuator (not shown) which rotates cylinder 136, 
edge ring 1 34 and substrate 106 at an operating speed 
during thermal processing. 

The substrate 106 and support assembly 108 may 
36 also be rotated by a magnetic levitation system or other 
known apparatuses. One way of accomplishing the ro- 
tation is described in a U.S. Patent Application entrtled 
•Magnetically-Levitated Rotor System for an RTP 
Chamber" filed on even date herewith, assigned to the 
40 assignee of the present appircation and incorporated 

herein by reference. 

A purge gas 147 is provkJed to cavity 118 through 
a purge gas injector 146 located between backside 107 
of substrate 106 and reflector 102. Purge gas injector 
45 148 which will be described in greater detail below, is 
connected to a regulated purge gas supply 1 50 through 
a passageway 152 extending through central assembly 
116 and via a conduit 151. 

In the embodiment described with reference to FIG. 
60 4 injector 1 48 is approximately centered in reflector 1 02 
and directs a flow of a purge gas 1 47 into a central area 
of cavity 118. Injector 1 48 directs purge gas, on average, 
approximately normal to the surface 106, 

We have obsen^ed that rotating the substrate 106 
55 with rotation speeds as low as about 20 RPM impels the 
purge gas 1 47 introduced through injector 1 48 in an out- 
ward radial direction, indicated with arrows 149. Positive 
results are produced with rotation speeds of 30-40 RPM 
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and higher u + « 

In another embodiment, injector 148 can be struc- 
tured to direct purge gas 147 upward and radially out- 
ward in a conical-shaped flow pattern. In yet another 
embodiment, which wilt be described in greater detail 
below an injector directs the purge gas in a substantially 
radial direction, with substantially no component direct- 
ed normal to the plane of the substrate 1 06. Of course, 
it should be understood that other devices for introduc- 
ing backside purge gas 147 in a way that Is compatible 
with this invention are readily implemented by persons 

skilled In the art. 

Cylinder 1 36 can be structured to form passages 
for purge gas 147 to flow out of cavity 118 into the an- 
nular region between edge ring 134. cylinder 136 and 

shield ring 154. 

Refernng now to Figs. 5 and 6. edge nng 134 has 
an inner portion forming a ledge 164 that supports sub- 
strate 106 and an outer portion 166 that is supported by 
cylinder 136 In the above-described embodiment, the 
surface of ledge 164 is flat so as to create a good seal 
when contacted by the backside of the wafer. In this al- 
ternative embodiment, however, grooves 182 are 
formed in the upper surface 180 of ledge 164. The 
grooves extend in an approximately radial direction from 
the Inner edge of the ledge 164. partially into the outer 
portbn 166 The grooves 182 provide flow paths that 
allow the purge gas 147 to more easily flow between the 
substrate 1 06 and the supporting ledge 164 of edge ring 
134 The outermost portions of grooves 182 include an 
arcuate upward bend 1 86 that redirects the flow of purge 
gas 147 past the peripheral edge 168 of substrate 106 
upward and oulward in a more axially directed flow 

While sixteen grooves 182 are illustrated in FIG. 5, 
a smaller number of grooves may also be utilized. A 
greater number of grooves more closely spaced togeth- 
er around the ring may provide a more uniform outward 
radial flow of purge gas. 

The upper surlace 170 at the outer portion 166 of 
edge ring 1 34 is at an elevation approximately the same 
as the upper surface 188 of substrate 106. 

In another embodiment, illustrated In Figs. 7 and 8, 
the upper surface 170 includes elevated ridges or vanes 
190 structured to assist In moving the purge gas 147 
and the process gas 129 outward and away from the 
edge ring 134. Each vane 190 is located adjacent an 
upward bend 186 of an associated one of grooves 182. 

The edge ring 1 34 is also designed to create a light- 
tight seal with the quartz cylinder 136. Extending' from 
the bottom surface of the edge nng 1 34 is a cylindrically- 
shaped lip 1 92 whch has an outside diameter that is 
slightly smaller than the inside diameter of the quartz 
cylinder 136, so that it fits into the cylinder, as shown, 
and forms a light seal. Altematwely, lip 192 can be a 
larger diameter to form a light seat with the outer surface 

of cylinder 136. 

Edge ring 134 has an outer radius that is larger than 
the radius of the quartz cylinder 136 so that rt extends 


out beyond the quartz cylinder. The annular extension 
of the edge ring 1 34 beyond cylinder 1 36, in cooperation 
with shield ring 1 54 located bekDw it. functions as a baffle 
which prevents stray light from entering the reflecting 
5 cavity 1 1 8. To further reduce the possibility of stray light 
reflecting into the reflecting cavity 118. edge ring 134 
and shield nng 154 may also be coated wrth a material 
that absorbs the radiation generated by heating element 
110 (e.g., a black or grey material). 
10 The purge gas can be an inert gas. e.g., argon, or 
anon-reactive gas, eg although other types of gas- 
es can also be used. The choice of gas depends upon 
the particular material used in the chamber and upon 
the process being perfomned in the chamber. For exam- 
is pie under some circumstances it may be desirable to 
use a purge gas that will react with the source gas to 
scavenge possible deposition material, e.g.. or HCt. 

A particularly effective embodiment of an injector 
248 for introducing the purge gas is shown in a modified 
20 HTP chamber 200 in FIG. 9. Only one-half of process 
chamber 200 to one side of a central axis 201 of thermal 
cavity 118 is shown to allow greater detail of illustration 
of purge gas injector 248. This sectional view also does 
not show light pipes 1 26. pyrometers 1 28 or heater con- 
25 troller 111. Note that injector 248 is positioned off of ther- 
mal cavity's central axis 201 . and therefore off the sub- 
strate's 106 central axis 

RTP chamber 200, like the chamber 100 descnbed 
above with reference to FIG. 4, includes a rotatable sub- 
30 strate support structure 1 08 and a heating element 110 
located to direct heat radiation 112 onto the substrate 
106 A reflecting cavity 118 Is formed by substrate 106. 
reflector 102, edge ring 134, and cylinder 136. A 
processing region 1 30 is located between substrate 1 06 
35 and heater window assembly 114. A rotation mecha- 
nism is adapted to rotate the support structure 108. 

RTP chamber 200 also includes a transparent 
quartz reflector cover 204. which Is located between re- 
flector 1 02 and substrate 1 06. Reflector cover 204 is de- 
40 scribed In detail in co-owned application Ser No. 
08/ , entitled "Reflector Cover For A Semi- 


conductor Processing Chamber,' filed on even date, the 
entire disclosure of which is incorporated herein by ref- 
erence. Cover 204 is supported above reflector 102 by 
45 a plurality of supports, which may connect to reflector 
102 or to other parts of the chamber In the embodiment 
illustrated in FIG. 9. support for cover 204 is provided 
by cylindrical posts 206 that rest in slightly larger diam- 
eter cylindrical hollows 208 formed in reflector 102. tt 
so will be recognized that posts 206 may be replaced by 
numerous other types of coupling structures including 
nngs. pins, suspensk)ns, etc. In the described embodi- 
ment, four posts 206 are provided for supporting reflec- 
tor cover 204, of which only one is shown in FIG. 9. 
55 In a system for processing 300 mm wafers, in which 
reflector 102 may be approximately 18 mm below sub- 
strate 106. cover 204 may be approximately 2-3 mm 
thick and may be positioned a distance approxirr^tely 
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2-3 mm above refleclor 102 and a distance approxi- 
mately 10 mm below the bottom surface of substrate 
106 TTiese distances are chosen in part to balance the 
thermal load on cover 204. In this way. the temperature 
of cover 204 is maintained such that a minimum of dep- 
osition occurs on cover 204 or on reflector 1 02 betow it. 

Injector 248 extends up from reflector plate 102 
through an aperture 210 formed in cover 204. Referring 
now also to FIGS. 10 and 11, tnjector 248 may be ma- 
chined, for example, from an approximately mushroom- 
shaped, transparent quartz plug that has been formed 
with a central channel 212 by well known methods. In- 
stead of being made of a transparent material, tnjector 
248 can also be made of a highly-reflective material, 
such as, for example, a gold plated metal. Injector 248 
has a cylindrical bottom 214 and a larger diameter cy- 
lindrical top 216 

Central channel 212 includes a cylindrical-shaped 
lower channel 218 that extends from an aperture 220 in 
bottom 214, through bottom 214, and into top 216 Low- 
er channel 218 connects to a larger diameter upper 
channel 222 within top 216. A radially extending slit 224 
communicating with upper channel 222 extends sub- 
stantially 360*^ around top 216. A top plate 226 is sup- 
ported by small, approximately triangular-shaped posts 
228 that remain after cutting slit 224 with a slitting saw. 
In the embodiment illustrated in FIGS. 10 and 11, there 
are three evenly-spaced posts 22B that divide slit 224 
into three portions, which each extend approximately 
1 20^ Posts 226 are made as smalt as possible, consist- 
ent with ease of manufacturing, to maximize the circum- 
ferential extent of slit 224. 

Referring now also to FIGS. 9 and 12-14. the diam- 
eter of cylindrical bottom 214 is slightly smaller than a 
vertical hole 230 extending through thermal reflector 
1 02 A bottom surface 232 of cylindrical bottom 21 4 sits 
on top of a stand-off 234. Stand-off 234 has apertures 
that couple a purge gas flow from a horizontal channel 
236 formed by a groove 237 in the bottom of reflector 
1 02 and the top of central support 116, Horizontal chan- 
nel 236 connects, in turn, to a conduit 238 extending 
through central support 116. The other end of conduit 
238 outside chamber 200 can have a fitting 240 for con- 
necting to a regulated supply of purge gas (not shown), 
or may be connected to the purge gas supply by other 
known methods A resilient o-ring 242 provides a seal 
between the outer surface of injector bottom 214 and 

reflector 102. 

Stand-off 234 has a ring-shaped body 244 that in- 
cludes a central passage 246 that is approximately the 
same diameter as lower portbn 218 of injector's 248 
central channel 21 2. Four pie-shaped posts 250 are ma- 
chined from the bottom side. 

Purge gas flows from channel 236, through spaces 
between pte-shaped posts 250. up through the stand- 
off's central passage 246 and into central channel 212 
of injector 248. Purge gas then flows up through injector 
248 and out of slit 224 in a substantially radial direction. 


This produces a flow of purge gas that is substantially 
parallel to backside 107 of the spinning substrate 106 
and directed approximately radially outward. 

Slit 224 is oriented parallel to the substrate so that 
5 the flow of purge gas from central channel 21 2 of injector 
248 does not have any straight, line-of-sight paths im- 
pacting directly on the substrate's backside 107. This 
arrangement inhibits the flow of purge gas from injector 
248 from preferentially cooling any spots on substrate 
10 106. 

As described above with reference to other embod- 
iments of the invention, the spinning substrate 106 
draws the purge gas upward toward the substrate back- 
side 107. and impels the purge gas in a outward spiral- 
is iing direction. Although we have observed positive ef- 
fects from spinning the substrate at rotatksnal speeds as 
bw as approximately 30-40 RPM. the rotational speed 
is determined largely by time constants in the themnal 
feedback system of the temperature controller 111 . The 
20 substrate 106 should rotate at least one full turn during 
a cycle of the temperature controller. We have found that 
in the described system substrate 106 can be spun at 
approximately 75-120 RPM. although higher speeds 
can be used, and more advantageously substrate 106 
25 is spun at approximately 85-95 RPM. 

In the system described with reference to FIG. 9, 
injector 248 is the only source of purge gas in chamber 
200. Upon reaching the periphery of cavity 118, the spi- 
raling flow of purge gas curls downward along the inner 
30 surface of cylinder 1 36. Some of the purge gas may re- 
turn towards injector along the top of cover 204 or in the 
space between cover 204 and reflector 102. However, 
to rmintain a constant pressure in cavity 118, purge gas 
must exit cavity 118 with a flow equal to that being input 
35 from injector 248. This outward flow is directed mostly 
through an annular-shaped gap 254 between the sta- 
tionary reflector 102 and the spinning cylinder 136. In 
the embodiment described with reference to FIG. 9, 
edge ring 1 32 does not include channels for the removal 
40 of the purge gas between its ledge and substrate 106, 
therefore very little purge gas escapes between edge 
ring 1 34 and substrate 106. Gap 254 may be. for exam- 
ple, approximately 0.1 inches (2.5 mm) wide. From 
there, the purge gas flows between bearing races 140, 
45 142 and ball bearings 138, between spinning bearing 
race 142 and shield 154, along the outer surface of cyl- 
inder 136. and then between shield 154 and an edge 
ring extension 252. and out towards exhaust port 256. 
In the case where some of the purge gas leaks from cav- 
50 ity lie to processing region 130 due to, e g , imperfec- 
tions in edge ring 134, these gases may also be pulled 
along co-rotating edge ring extension 252 and removed 
A similar system for removing purge gas from cavity 
lie through an annular gap betv\/een cylinder 136 and 
55 reflector 1 02 can be used in a process chamber having 
a magnetically levitated rotation mechanism. Such a 
system is described in the aforementioned related ap- 
plication entitled "Magnetically-Levrtated Rotor System 
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For An RTP Chamber." 

As mentioned above, injector 248 is located slightly 
away from the central axis 201 of the reflector plate 102 
and thermal cavity lie. The precise location depends 
on design features of the system Some of the consid- 
erations for optimum placement of injector 246 in a mul- 
tiple lamp RTP system are the following. Since the pres- 
ence of injector 248 perturbs the temperature profile of 
the wafer in the vicinity of where the injector is located, 
it is desirable to move injector 248 out towards the pe- 
riphery of the spinning wafer In that way, its net impact 
on any single location of the wafer is reduced because 
the outer regions of the spinning wafer are heated by 
multiple lamps of heating element 110 and any given 
location near the periphery does not feel the impact of 
injector 248 except for a small part of the rotational cy- 
cle However, as injector 248 is positioned farther out 
towards the periphery of the wafer, the flow of purge gas 
relative to backside 107 of the spinning wafer 106 be- 
comes more asymmetric. To achieve a more symmetric 
flow which is of course desirable, injector 248 should 
be closer to the center, where it produces a greater im- 
pact on the temperature profile. Thus, the optimum lo- 
cation is determined by balancing these two competing 
effects and it will tend to be close to but not at the center. 
In the described embodiment, injector 248 is positioned 
approximately 20%-30% of the distance from central ax- 
is 201 to cylinder 1 36. 

With regard to the height of injector 248, it is desir- 
able to position slit 224 as close to backside 107 of the 
spinning wafer as possible so as to get effective flow of 
purge gas against the spinning wafer. However, if top 
226 of injector 248 is too close to wafer 106, the region 
between top 226 of injector 248 and backside 107 of 
wafer 106 will tend to entrap gas or negatively impact 
the flow of purge gas in this region. Thus, the optimum 
height of injector 248 is determined by balancing these 
two competing effects, 

In the described system for processing 300 mm wa- 
fers the backside 1 07 of the wafer may be about 1 8 mm 
above the reflector plate 102. Injector 248 may be ap- 
proximately O.B inches (20 mm) long. Injector top 216, 
including top plate 226. may be approximately 0,4 inch- 
es (10 mm) high and 0.75 inches (19 mm) in diameter. 
Injector bottom 214 may be approximately 0.4 inches 
(10 mm) long and 0.375 inches (9.5 mm) in diameter 
Slit 224 may be about 15 mils (0.3 mm) wide and may 
be posrtioned about 7 mm above the reflector plate 1 02. 
Where the reflector cover 204 is used, slit 224 may be 
only slightly elevated above an upper surface of cover 
204 for example, approximately 1-2 mm above cover 
204 Slit may be located approximately O il inches (3 
mm) below the top of top plate 226. Lower channel 21 8 
may be approximately 0.24 inches (6mm) in diameter; 
upper channel may be approximately 0.51 inches (13 

mm) in diameter. „ ^ . . . 

The purge gas introduced into cavity 118 by injector 
248 ensures that a continuous back-pressure is main- 


tained so that deposition does not occur on backside 
107 of substrate 106 For such a structure, an appropri- 
ate purge gas flow rate might be about 4-10 liters/mm 
of Ho with a back pressure at atrrwspheric pressure in 
5 cavity 1 1 8, depending of course on other process and 
system variables Gas flow rates scale dovm approxi- 
mately as the back-pressure is decreased. A suitable 
back-pressure may be about 100 milliTorr, although this 
pressure varies according to the process 
10 Although we have shown injectors 148 and 248 in 
RTP systems, it should be understood that they can also 
be used in any system in which the backside purge tech- 
nique described herein would be useful 

in other embodiments, the purge gas can be tntro- 
15 duced into cavity 118 trough multiple injection ports or 
injectors The injection ports may direct the purge gas 
parallel to substrate 106, or at an angle towards sub- 
strate Regardless of the manner in which the purge gas 
is introduced into cavity 118, the rotating substrate 106 
20 provides a pumping action that will impel the purge gas 
to spiral radially outward afong substrate backside 107. 

Also note that the process and purge gases may be 
removed from the chamber through multiple exhaust 
ports, which may be distnbuted around the support 

25 structure. 

Although the invention is especially useful in semi- 
conductor fabrication processes in which the substrate 
is typically a dtsk-shaped semiconductor, we intend the 
term 'substrate' to broadly cover any object that is being 
30 processed in a vapor process chamber. The term 'sub- 
strate" includes, for example, semiconductor wafers, flat 
panel displays, glass plates or disks. 

In addition, the term "vapor processing system is 
intended to broadly cover any process by which a sur- 
35 face of a substrate is altered by flowing a process gas 
over the surface. This can include CVD systems, 
RTCVD systems, RTO systems. RTN systems, and oth- 
er vapor processing systems that are currently known 
or that may be developed. 
40 Though we have described the system as including 
a front side gas injection system whk;h uses a shower- 
head and produces radially symmetrk; gas flow the in- 
ventbn also works in the case of side injection system 
which produces a gas flow as indicated by the arrows 

45 leainFlG. 2. 

aher embodiments are within the scope of the in- 
vention. 


50 Claims 

1. A purge gas injector for a processing system that 
includes a process chamber, the purge gas injector 
comprising a substantially annular-shaped opening 
55 providing a slit structured and arranged to direct a 
flow of purge gas about radially outward therefrom 
approximately parallel to a plane defined by a sub- 
strate, wherein the substrate is supported in the 
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process chamber above the purge gas injector 

2. The purge gas injector of clainn 1 . further compris- 
ing: 

a body comprising an upward extending chan- 
nel; 

a top plate; and 

support structure positioning said top plate 
above said body, said slit being provided be- 
tween said body and said top plate with said 
channel opening to said slit. 

3. The purge gas injector of claim 2, wherein said body 
and said top plate are fabricated of transparent 
quart2. 

4. The purge gas injector of claim 2. wherein said body 
further comprises: 

a first part, which includes said slit and said top 
plate, being of a first diameter, 
a second part being of a second diameter that 
is smaller than the first diameter; and 
said channel including an upper channel por- 
tion within said first part of said body and a low- 
er channel portion connecting between said up- 
per channel portion and an opening at a bottom 
end of said channel, wherein said upper chan- 
nel portion has a larger diameter than said low- 
er channel portion 


5. A processing system comprising: 
a process chamber; 

a support assembly within the process cham- 
ber being structured and arranged to support a 
substrate; and 

a purge gas injector positioned below a back- 
side of said substrate when said substrate is 
supported from said support assembly, said 
purge gas injector Including a substantially an- 
nular-shaped opening providing a slit, which is 
structured and arranged to direct a flow of 
purge gas about radially outward from said slit 
in a direction approximately parallel to a plane 
defined by said substrate. 


6. The processing system of claim 5, wherein said 
purge gas injector further includes: 

a body comprising an upward extending chan- 
nel, a lower end of said channel coupling to a 
source of purge gas; 
a top plate; and 

support structure positioning said top plate 
above said body, said slit being provided be- 
tween said body and said top plate with an up- 


per portion of said channel opening to said slit. 

7. The processing system of claim 6, wherein said low- 
er end of said channel has a first diameter, and said 

5 upper end of said channel has a second diameter 
being larger than said first diameter. 

8. The processing system of claim 6, wherein said 
body and said top plate are fabricated of transpar- 

10 ent quartz. 

9. The processing system of claim 5, wherein said 
support assembly includes a quartz cylinder and an 
edge ring for supporting said substrate, said cylin- 

15 der supporting said edge ring, wherein said process 
chamber includes a reflector plate positioned below 
said substrate when said substrate is supported by 
said support assembly, wherein a thermal cavity is 
provided by said reflector plate, said quartz cylinder, 

20 said edge ring and said substrate, and wherein said 
reflector plate includes an opening through which 
said purge gas injector protrudes into said thermal 
cavity. 

25 10. The vapor processing system of claim 9, wherein 
said thermal cavity further comprises a quartz 
shield positbned between said slit and said reflec- 
tor plate, said quartz shield including an aperture 
through which said purge gas injector extends. 

30 

11. The processing system of claim 9, wherein said 
quartz cylinder and said reflector plate provide a 
gap therebetween for the outflow of said purge gas 
from said thermal cavity. 

12. The processing system of claim 9, further compris- 
ing a heat source positioned above the substrate 
for thermal processing the substrate. 

40 1 3. The processing system of claim 5, wherein said an- 
nular-shaped opening is positioned off of a central 
axis of said substrate 

14. The processing system of claim 13, wherein said 
45 annular-shaped opening is positioned closer to said 

central axis than to a peripheral edge of said sub- 
strate. 

15. The processing system of claim 5, wherein said 
60 process chamber further includes a rotation mech- 
anism to rotate said support assembly and said sub- 
strate about a central axis of said substrate while 
said purge gas is flowing from said purge gas injec- 
tor, wherein said rotation mechanism is adapted to 

55 rotate said support assembly at a rate sufficient to 
impel said flow of purge gas to flow spirally outward 
along the backside of said substrate. 


35 


10 


19 


EP 0 825 279 A1 


16. The processing system of claim 15. wherein said 
rotation mechanism is capable ol rotating said edge 
ring at a rate of at least about 30 RPM. 

17. A method for processing a substrate, comprising: 

supporting a substrate within a process cham- 
ber such that a backside of the substrate Is sub- 
stantially exposed; and 

flowing a purge gas in a substantially outwardly 
radial direction from a substantially annular- 
shaped slit of an injector positioned below the 
backside of the substrate. 

18. The method ol claim 17, further connprising rotating 
the substrate at a rotation speed sufficient to cause 
said flowing purge gas to be impelled by said sub- 
strate backside in an outward spiralling direction 
along said backside. 

19. The method of claim 1 B, further comprising heating 
the substrate. 

20. The method of claim IB, further comprising flowing 
a process gas on a front side of the substrate. 

21. The method of claim 18, further including positbn- 
ing the slit of the injector within a thermal cavity be- 
tween a reflector plate and the substrate. 

22. The method of claim 21 , wherein positioning the slit 
includes positioning said injector off of a central axis 
of the substrate. 

23. The method of claim 21 , wherein a support cylinder 
provides a side wall of the thermal cavity, the meth- 
od further including causing the purge gas to flow 
downward along the side wall when said spirally 
flowing purge gas reaches a periphery of the sub- 
strate. 


20 


to spiral outward along a backside of the sub- 
strate towards the peripheral edge. 
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26. The method of claim 25, wherein rotating includes 
rotating the substrate at a rotational speed of at 
least approximately 30 RPM. 

27. An apparatus in a vapor processing system which 
includes a process chamber, comprising: 

a rotatable support assembly structured and ar- 
ranged to support a substrate within the proc- 
ess chamber, the support assembly being ca- 
pable of rotating the substrate about a central 
axis when coupled to an actuator; and 
a conduit structured and arranged to direct a 
ftow of purge gas over a backside of the sub- 
strate while the substrate is rotating such that 
the rotating substrate causes the purge gas to 
ftow radially outward relative to the substrate. 

28. The apparatus of claim 27. wherein the support as- 
sembly is capable of rotating the substrate at a ro- 
tational speed ot at least approximately 90 RPM- 

29. The apparatus of claim 27. further comprising a 
process gas conduit structured and arranged to di- 
rect a flow of process gas over a front skJe of the 
substrate while the substrate is rotated such that the 
rotating substrate causes the process gas to flow 
radially outward relative to the substrate. 

30. The apparatus of claim 27. wherein the support as- 
sembly includes an edge ring supporting the sub- 
strate, confronting surfaces of the edge ring and the 
substrate being structured and arranged to channel 
the radially flowing purge gas around a peripheral 
edge of the substrate. 


40 31 . A system to process a substrate, comprising: 
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24. The method of claim 23, wherein causing the purge 
gas to flow downward includes causing the purge 
gas to flow out of the thermal cavity through a gap 
provided between the cylinder and the reflector. ^ 

25. A method of processing a disk-shaped substrate in 
a process chamber, comprising: 


supporting the substrate from a peripheral edge 
on a rotation assembly; 
flowing a purge gas approximately radially out- 
ward from an injector positioned below the sub- 
strate, the purge gas flowing from the injector 
flowing approximately parallel to the substrate; 
and 

rotating the substrate with the rotation assem- 
bly at a speed sufficient to cause the purge gas 


so 


ss 


a process chamber; 

an edge ring to support the substrate within the 
process chamber; 

a rotation assembly structured and arranged to 
rotatably couple the edge ring to an actuator lo- 
cated outside the process chamber; and 
wherein the process chamber includes a proc- 
ess gas conduit structured and arranged to flow 
a process gas over a front side of the substrate, 
and a purge gas conduit structured and ar- 
ranged to flow a purge gas over a backside of 
the substrate while the substrate is rotated 

32. The system of claim 31 . wherein the process cham- 
ber includes a heat source positioned above the 
substrate for thermal processing the substrate 
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33 The system of claim 32. v^erein the bottom of the 
' process chamber, the rotation assembh/, the edge 

ring and the substrate cooperatively form a thermal 
cavity. 

34 The system ot claim 31 , wherein the rotation as- 
sembly includes a cy I inde r supporting the edge ring, 
the cylinder being supported by an upper bearing 
race which is rotatably coupled to a stationary lower 
bearing race by bearings therebetween, the upper 
bearing race being structured and arranged to be 
magnetically coupled to the actuator for rotating the 
upper bearing race and the cylinder. 

35 The system of claim 31 , wherein the rotation as- 
sembly is structured and arranged to rotate the sub- 
strate about a central axis at a rotational speed of 
at least approximately 90 RPM. 

36 The system of claim 31 , wherein the edge ring in- 
cludes an annular ledge having an upper surface to 
support the backside of the substrate near a periph- 
eral edge of the substrate, the ledge being struc- 
tured and arranged to albw passage of outwardly 
flowing purge gas past the peripheral edge. 

37 The system of claim 31 , wherein the purge gas con- 
duit comprises an injector which includes a slit 
through which the purge gas flows and wherein the 
slit is disposed parallel to a plane defined by the 
substrate when said substrate is supported by said 
edge ring. 

38. A method of purging a backside of a substrate with 
a purge gas, comprising the steps of: 

rotating the substrate about a central axis; 
flowing the purge gas over the backside of the 
rotating substrate; and 

wherein the rotating substrate urges the purge 
gas to flow in an outward radial direction rela- 
tive to the rotating substrate. 

39 The method of claim 38, further comprising flowing 
' a process gas over a front side of the rotating sub- 

strate wherein the rotating substrate urges the 
process gas to flow in the outward radial direction. 

40 The method of claim 38. wherein rotating the sub- 
strate includes rotating the substrate at a rotational 
speed of at least approximately 90 RPM. 

41. The method of claim 38, wherein flowing the purge 
gas comprises flowing an inert gas. 

42 The method of claim 38, further compnsing chan- 
nelling the radially flowing purge gas past a periph- 
eral edge of the rotating substrate. 


43 The method of claim 42, wherein channelling in- 
' eludes channelling the radially flowing purge gas 

through a pluralrty of flow paths that are provided 
by confronting surfaces of the substrate and an 
5 edge ring supporting the substrate 

44 The method of claim 43. wherein channelling com- 
' prises directing the radially flowing purge gas in a 

generally axial direction near a peripheral edge of 
TO the substrate. 

45 The method of claim 42, wherein rotating the sub- 
strate includes rotating the substrate on a rotating 
edge ring, an outer annular surface of the edge ring 
further urging the channeled purge gas and the out- 
wardly flowing process gas to flow radially outward 
therefrom. 

46 The method of claim 38, wherein flowing the purge 
gas comprises flowing the purge gas through an ap- 
erture in a plate spaced from the backside of the 
substrate. 

47. The method of claim 39, further comprising heating 
the substrate while flowing the process gas. 

48 A method of vapor processing a disk-shaped sub- 
strate in a process chamber, comprising the steps 
of: 


30 


35 


40 


45 


50 


supporting the substrate on a rotation assem- 
bly, the rotaton assembly including an edge 
ring having an inner annular ledge supporting 
the substrate near the substrate's peripheral 
edge; 

ftowing a purge gas over a backside of the sub- 
st rate * 

ftowing a process gas over a front side of the 
substrate; and 

rotating the substrate with the rotatbn assem- 
bly to urge the purge gas and the process gas 
radially outward toward the substrate's periph- 
eral edge. 

49 The method of claim 48, further including the step 
of heating the substrate while rotating the substrate 

60 The method of claim 48, wherein the rotating step 
includes rotating the substrate at a rotational speed 
of at least approximately 90 rpm 
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